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Polymeric  ultraviolet  light  stabilisers  containing  hindered  alkyl  amines  and  polymer  compositions  containing  them. 

An  ultraviolet  light  sensitive  polymer  composition 
wherein  resistance  to  photodegradation  is  enhanced  by  the 
inclusion  therein  of  a  stabilizer  polymer  having  structural 
units  corresponding  to  the  following  formula 

wherein  Ra,  Rb,  and  Rc  are  independently  selected  from 
alkyl  groups  containing  1  to  about  12  carbon  atoms,  a 
cyclohexyl  group,  or  cyclohexylalkyl  groups  containing  7 
to  about  14  carbon  atoms;  A  is  selected  from  the  group 
consisting  of  alkyl  groups  containing  1  to  about  24  carbon 
atoms,  hydroxyalkyl  groups  containing  1  to  about  18  car- 
bon  atoms,  alkoxy  groups  containing  1  to  about  12  carbon 
atoms  in  the  group,  ester  groups  containing  a  total  of  from 
2  to  about  24  carbon  atoms  in  the  group,  a  cyclohexyl 

group,  cyclohexylalkyl  groups  containing  7  to  about  14 
carbon  atoms  in  the  group,  hydroxy  groups,  amino  groups 
and  aminoalkyl  groups  and  alkyl-substituted  amino  and 
aminoalkyl  groups  wherein  the  alkyl  contains  1  to  about  12 
carbon  atoms;  Z  is  a  segment  of  the  polymer  backbone 
derived  from  an  olefinic  monomer;  x  is  0,  1,  2  or  3  and  B  is 
hydrogen,  an  alkyl  group  containing  1  to  about  12  carbon 
atoms,  a  cyclohexyl  group,  or  a  cyclohexylalkyl  group  of 
7  to  about  14  carbon  atoms  in  the  group;  and  m  is  at 
least  2. 

The  above  stabilizer  polymer  can  be  simply  combined 
with,  or  engrafted  upon,  the  ultraviolet  light  sensitive  poly- 
mer.  The  stabilizer  polymer  may  also  be  copolymerized 
with,  or  grafted  upon  other  polymeric  materials  thereby 
enhancing  its  phase  compatibility  with  the  ultraviolet  light 
sensitive  polymer.  In  certain  instances,  it  is  also  possible 
to  copolymerize  the  monomers  from  which  are  derived  the 
ultraviolet  light  sensitive  polymer  and  the  stabilizer  polymer. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  t h e   I n v e n t i o n  -   T h i s   i n v e n t i o n   i s   d i r e c -  

t e d   to   c o m p o s i t i o n s   and  a  m e t h o d .   More  s p e c i f i c a l l y ,   t h i s  

i n v e n t i o n   c o n c e r n s   i t s e l f   w i t h   u l t r a v i o l e t   l i g h t   s e n s i t i v e  

p o l y m e r   c o m p o s i t i o n s   h a v i n g   e n h a n c e d   r e s i s t a n c e   to   p h o t o -  

d e g r a d a t i o n ,   and  m e t h o d s   f o r   e n h a n c i n g   t h e   r e s i s t a n c e   o f  

u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r s   to   p h o t o d e g r a d a t i o n .  

D e s c r i p t i o n   of  t h e   P r i o r   A r t  -   P o l y m e r s   h a v e   i n  

t h e   p a s t   and  c o n t i n u e   to   p r o v i d e   an  a t t r a c t i v e   s u b s t i t u t e  

f o r   o t h e r   more   t r a d i t i o n a l   t y p e s   of  s t r u c t u r a l   m a t e r i a l s  

( e . g .   wood  and  m e t a l s )   b e c a u s e   of  r e l a t i v e l y   i n e x p e n s i v e  

m a t e r i a l s   and  f a b r i c a t i o n   c o s t s .   As  p o l y m e r s   c o n t i n u e   t o  

f i n d   new  a p p l i c a t i o n s   i n ,   f o r   e x a m p l e ,   t h e   f a b r i c a t i o n   o f  

a u t o m o t i v e   p a r t s   and  b u i l d i n g   m a t e r i a l s ,   t h e y   m u s t   a l s o  

b e c o m e   more   d u r a b l e   and  c a p a b l e   of  w i t h s t a n d i n g   p r o l o n g e d  

e x p o s u r e   to   a  v a r i e t y   of  d e g r a d a t i v e   f o r c e s .   D e g r a d a t i o n  

of  p o l y m e r s   can   be  c a u s e d   by  e x p o s u r e   to   l i g h t ,   h e a t   a n d / o r  

a i r .   Such   d e g r a d a t i o n   i s   u s u a l l y   m a n i f e s t   by  e i t h e r   a  p a r -  

t i a l   or   t o t a l   l o s s   of  s t r u c t u r a l   i n t e g r i t y ,   c h a n g e s   i n  

l i g h t   t r a n s m i s s i o n   p r o p e r t i e s ,   c h a n g e s   in  c o l o r ,   l o s s   o r  

r e d u c t i o n   in  f l e x i b i l i t y   a n d / o r   r e s i l i e n c y ,   or   any  c o m b i n a -  

t i o n   of  t h e   a b o v e   p h e n o m e n o n .   T h o s e   a t t e m p t i n g   to   a v o i d  

p o l y m e r   d e g r a d a t i o n   h a v e   g e n e r a l l y   s e l e c t e d   f rom  among  t h r e e  

p o s s i b l e   a p p r o a c h e s :   (a)  e l i m i n a t i o n   or  r e d u c t i o n   of  t h e  

d e g r a d a t i v e   f o r c e s ;   (b)  i s o l a t i o n   of  t h e   s e n s i t i v e   p o l y m e r  

m a t e r i a l   f rom  t h e   d e g r a d a t i v e   f o r c e s ;   or  (c)  m o d i f i c a t i o n  

of  t h e   p o l y m e r   c o m p o s i t i o n   to   e n h a n c e   i t s   r e s i s t a n c e   t o  

d e g r a d a t i v e   f o r c e s .   The  l a t t e r   a p p r o a c h   i s   g e n e r a l l y   p r e -  

f e r a b l e   s i n c e   i t   d o e s   n o t   r e q u i r e   e l a b o r a t e   e n g i n e e r i n g   o r  



s t r u c t u r a l   c h a n g e s   in   t h e   p o l y m e r   p r o d u c t   e n v i r o n m e n t .  

T h e r e   a r e   a  v a r i e t y   of   a d d i t i v e s   w h i c h   h a v e   b e e n  

d i s c l o s e d   as  s u i t a b l e   f o r   e n h a n c i n g   t h e   r e s i s t a n c e   of  p o l y -  

mer s   to   one   or  more   of  t h e   d e g r a d a t i v e   f o r c e s   d i s c u s s e d  

h e r e i n a b o v e .   T h e s e   a d d i t i v e s   ( h e r e i n a f t e r   r e f e r r e d   to   a s  

" s t a b i l i z e r s " )   can   be  p h y s i c a l l y   c o m b i n e d   w i t h   or  e n g r a f t e d  

upon   t h e   e n v i r o n m e n t a l l y   s e n s i t i v e   p o l y m e r ,   t h e r e b y   p r o l o n g -  

i ng   i t s   u s e f u l   l i f e   in   t h e   h o s t i l e   d e g r a d a t i v e   e n v i r o n m e n t .  

In  t h o s e   i n s t a n c e s   w h e r e   t h e   s t a b i l i z e r   i s   m e r e l y   p h y s i c a l l y  

d i s p e r s e d   t h r o u g h o u t   t h e   p o l y m e r ,   i t   i s   g e n e r a l l y   f r e e   t o  

m i g r a t e   w i t h i n   t h e   c o m p o s i t i o n   ( u n l e s s ,   of  c o u r s e ,   i t s  

r e l a t i v e   m o l e c u l a r   s i z e   i n h i b i t s   s u c h   d i f f u s i o n ) .   As  w i l l  

be  a p p r e c i a t e d ,   t h i s   p r o b l e m   of  s t a b i l i z e r   d i f f u s i o n   can   b e  

f u r t h e r   a g g r a v a t e d   when  t h e   p o l y m e r   c o m p o s i t i o n   i s   in  c o n -  

t i n u o u s   or   p e r i o d i c a l l y   c o n t a c t e d   w i t h   f l u i d s .   Such  f l u i d  

c o n t a c t   can   r e s u l t   in   t h e   l e e c h i n g   o u t   or   r e m o v a l   of  s o m e  

of  t h e   s t a b i l i z e r   f r o m   t h e   p o l y m e r   by  t h e   s o l v e n t   a c t i o n   o f  

t h e   f l u i d   a n d / o r   t h e   a n i s o t r o p i c   d i s t r i b u t i o n   of  t h e   s t a b i -  

l i z e r   w i t h i n   t h e   p o l y m e r   c o m p o s i t i o n .   The  r e m o v a l   a n d / o r  

r e d i s t r i b u t i o n   of  s t a b i l i z e r   w i t h i n   t h e   p o l y m e r   can  l e a v e  

t h e   u n s t a b i l i z e d   r e g i o n   of  t h e   p o l y m e r   v u l n e r a b l e   to   a t t a c k  

by  d e g r a d a t i v e   f o r c e s .   T h u s ,   i t   w i l l   be  a p p r e c i a t e d   t h a t  

s t a b i l i z e r s   w h i c h   a r e   i n h i b i t e d   f r o m   m i g r a t i o n   a n d / o r   d i f -  

f u s i o n   w i t h i n   t h e   p o l y m e r   a r e   g e n e r a l l y   p r e f e r r e d .  

S t a b i l i z e r s   a r e   a v a i l a b l e   w h i c h   can   e n h a n c e   t h e  

p o l y m e r s   r e s i s t a n c e   to   more   t h a n   one  of  t h e   d e g r a d a t i v e  

f o r c e s   and  c o n v e r s e l y ,   a  s t a b i l i z e r   w h i c h   i s   e f f e c t i v e   f o r  

p r e v e n t i o n   o f ,   f o r   e x a m p l e ,   o x i d a t i v e   d e g r a d a t i o n   may  h a v e  

l i t t l e   i f   any  e f f e c t   upon   t h e   p o l y m e r s   r e s i s t a n c e   to   o t h e r  



d e g r a d a t i v e   a g e n t s .   T h u s ,   i t   i s   n o t   uncommon  f o r   p o l y m e r s  

to  c o n t a i n   a  v a r i e t y   of  s t a b i l i z e r   m a t e r i a l s ,   e a c h   b e i n g  

p r e s e n t   f o r   t h e   p r e v e n t i o n   of  a  p a r t i c u l a r   d e g r a d a t i v e  

r e a c t i o n .  

One  of  t h e   more   d i f f i c u l t   to  c o n t r o l   of  t h e   d e -  

g r a d a t i v e   f o r c e s   i s   i r r a d i a t i o n   of  t h e   p o l y m e r   by  u l t r a -  

v i o l e t   l i g h t .   The  i m p a c t   of  s u c h   i r r a d i a t i o n   w i l l   of  c o u r s e  

v a r y   d e p e n d i n g   upon   t h e   i n t e n s i t y   and  d u r a t i o n   of  e x p o s u r e  

and  t h u s   may  m a n i f e s t   i t s e l f   o n l y   a f t e r   a  p r o l o n g e d   i n t e r -  

v a l .   The  i r r a d i a t i o n   of  p o l y m e r s   w i t h   u l t r a v i o l e t   l i g h t  

can   o f t e n   t i m e s   c a u s e   c r o s s - l i n k i n g   of  t h e s e   m a t e r i a l s  

t h e r e b y   r e d u c i n g   i t s   r e s i l i e n c y   a n d / o r   i m p a c t   r e s i s t a n c e .  

C h a n g e s   in  c o l o r   and  o p a c i t y   a r e   a l s o   o f t e n   a f f e c t e d   b y  

p r o l o n g e d   e x p o s u r e   of  t h e   p o l y m e r   to   u l t r a v i o l e t   l i g h t .  

W h i l e   many  m a t e r i a l s   a r e   known,   and  c o m m e r c i a l l y   a v a i l a b l e ,  

as  s t a b i l i z e r s   a g a i n s t   u l t r a v i o l e t   l i g h t   d e g r a d a t i o n ,   t h e  

d e g r e e   of  p r o t e c t i o n   a f f o r d e d   by  s u c h   a g e n t s   i s   o f t e n   c o n -  

c e n t r a t i o n   d e p e n d e n t .   The  f o l l o w i n g   l i s t   of  r e f e r e n c e s   a r e  

i l l u s t r a t i v e   of   t h e   t y p e s   of  u l t r a v i o l e t   a b s o r b e r s   c o m m o n l y  

u s e d   in   c o n j u n c t i o n   w i t h   p o l y m e r i c   m a t e r i a l s   s e n s i t i v e   t o  

p h o t o d e g r a d a t i o n :   U.  S.  P a t e n t   Nos .   3 , 3 6 2 , 9 2 9 ;   3 , 3 6 2 , 9 3 0 ;  

3 , 8 2 9 , 2 9 2 ;   3 , 9 0 1 , 8 4 9 ;   3 , 9 1 0 , 9 1 8 ;   3 , 9 3 9 , 1 6 4 ;   4 , 0 2 8 , 3 3 4 ;  

p u b l i s h e d   p a t e n t   a p p l i c a t i o n   n u m b e r s   B 4 0 2 , 1 6 2   and  B 5 7 1 , 6 3 8 ;  

UK  p a t e n t   9 9 9 , 8 0 6 ;   and  an  a r t i c l e   a p p e a r i n g   in  J .   AM.  CHEM. 

SOC.,   V o l .   60:  1458  e t   s e q .   ( 1 9 3 8 ) .   In  a d d i t i o n ,   c o m m o n l y  

a s s i g n e d   U.S .   p a t e n t   a p p l i c a t i o n s   S e r i a l   No.  6 9 7 , 3 4 5   a n d  

6 9 7 , 3 8 7   ( b o t h   f i l e d   on  J u n e   18,  1976)  d i s c l o s e   c o m p o u n d s  

w h i c h   a r e   h i g h l y   e f f e c t i v e   as  u l t r a v i o l e t   l i g h t   s t a b i l i z e r s  

f o r   p o l y m e r i c   m a t e r i a l s .   The  c o m p o u n d s   d i s c l o s e d   in  t h e  



a b o v e   r e f e r e n c e d   p e n d i n g   p a t e n t   a p p l i c a t i o n s   a r e   s u b s t i -  

t u t e d   d e c a h y d r o q u i n o l i n e s   and  a r e   h i g h l y   e f f e c t i v e   in   e n -  

h a n c i n g   t h e   r e s i s t a n c e   of   p o l y o l e f i n s   to   p h o t o d e g r a d a t i o n  

by  u l t r a v i o l e t   l i g h t .  

As  w i l l   be  r e a d i l y   a p p r e c i a t e d ,   t h e   a d d i t i o n   o f  

s u b s t a n t i a l   a m o u n t s   ( in   e x c e s s   of   10  w e i g h t   p e r c e n t )   o f  

s t a b i l i z e r   m a t e r i a l s   to   a  p o l y m e r   can   o f t e n   m o d i f y   i t s  

i n t r i n s i c   p h y s i c a l ,   c h e m i c a l   a n d / o r   e l e c t r i c a l   p r o p e r t i e s  

or  t h e   i n t r i n s i c   p r o p e r t i e s   of  a r t i c l e s   p r e p a r e d   t h e r e f r o m .  

M o r e o v e r ,   t h e   p r o b l e m s   r e l a t e d   to   s t a b i l i z e r   d i f f u s i o n   c o m -  

p l i c a t e   t h e   e f f e c t i v e n e s s   of  t h e   s t a b i l i z a t i o n   t e c h n o l o g y ,  

e s p e c i a l l y   w h e r e   f l u i d   c o n t a c t   of  t h e   p o l y m e r   c o m p o s i t i o n  

i s   c o n t e m p l a t e d .   T h u s ,   t h e r e   i s   a  c o n t i n u i n g   n e e d   f o r  

h i g h l y   e f f i c i e n t   u l t r a v i o l e t   l i g h t   s t a b i l i z e r s   w h i c h   a r e  

b o t h   e f f e c t i v e   a t   low  c o n c e n t r a t i o n s   and  r e s i s t a n t   t o  

d i f f u s i o n   a n d / o r   l e e c h i n g   by  f l u i d s   w h i c h   may  come  in   c o n -  

t a c t   w i t h   t h e   p o l y m e r   c o m p o s i t i o n .  

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   i t   i s   t h e   o b j e c t   of  t h i s   i n v e n t i o n  

to  r e m e d y   t h e   a b o v e   as  w e l l   as  r e l a t e d   d e f i c i e n c e s   in   t h e  

p r i o r   a r t .  

More  s p e c i f i c a l l y ,   i t   i s   t h e   p r i n c i p a l   o b j e c t   o f  

t h i s   i n v e n t i o n   to  p r o v i d e   a  p o l y m e r   c o m p o s i t i o n   h a v i n g  

e n h a n c e d   r e s i s t a n c e   to   p h o t o d e g r a d a t i o n   f rom  i r r a d i a t i o n  

by  l i g h t   w i t h i n   t h e   u l t r a v i o l e t   r e g i o n   of  t h e   e l e c t r o m a g -  

n e t i c   s p e c t r u m .  

A n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   i s   to   p r o v i d e  

a  p o l y m e r   c o m p o s i t i o n   h a v i n g   e n h a n c e d   r e s i s t a n c e   to   u l t r a -  

v i o l e t   l i g h t   d e g r a d a t i o n ,   y e t   c o n t a i n i n g   low  c o n c e n t r a t i o n s  



of   s t a b i l i z e r   c o m p o u n d s .  

Yet   a n o t h e r   o b j e c t   of   t h i s   i n v e n t i o n   i s   to   p r o -  

v i d e   a  s t a b i l i z e d   p o l y m e r   c o m p o s i t i o n   w h e r e i n   t h e   s t a b i l i -  

z e r   i s   r e l a t i v e l y   i m m o b i l e   w i t h i n   t h e   p o l y m e r .  

S t i l l   y e t   an  a d d i t i o n a l   o b j e c t   of  t h i s   i n v e n t i o n  

i s   to   p r o v i d e   a  m e t h o d   f o r   e n h a n c e m e n t   of   t h e   r e s i s t a n c e   o f  

u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r s   to   p h o t o d e g r a d a t i o n  

t h e r e b y   p r o l o n g i n g   t h e i r   u s e f u l   l i f e   in  a  d e g r a d a t i v e  

e n v i r o n m e n t .  

The  a b o v e   and  r e l a t e d   o b j e c t s   a r e   a c h i e v e d   b y  

p r o v i d i n g   a  c o m p o s i t i o n   c o n t a i n i n g   an  u l t r a v i o l e t   l i g h t  

s e n s i t i v e   p o l y m e r   a n d ,   in   an  a m o u n t   s u f f i c i e n t   to   e n h a n c e  

t h e   r e s i s t a n c e   of   s a i d   p o l y m e r   to   p h o t o d e g r a d a t i o n ,   a  

s t a b i l i z e r   p o l y m e r   h a v i n g   s t r u c t u r a l   u n i t s   c o r r e s p o n d i n g  

to   t h e   f o l l o w i n g   f o r m u l a :  

w h e r e i n   R  ,   Rb,  and  R   a r e  i n d e p e n d e n t l y   s e l e c t e d   f r o m  

a l k y l   g r o u p s   c o n t a i n i n g   1  to   a b o u t   12  c a r b o n   a t o m s ,   a  

c y c l o h e x y l   g r o u p ,   or   c y c l o h e x y l a l k y l   g r o u p s   c o n t a i n i n g  

7  to   a b o u t   14  c a r b o n   a t o m s ;   A  i s   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   a l k y l   g r o u p s   c o n t a i n i n g   1  to   a b o u t  

18  c a r b o n   a t o m s ,   a l k o x y   g r o u p s   c o n t a i n i n g   1  to   a b o u t  

12  c a r b o n   a t o m s   in  t h e   g r o u p ,   e s t e r   g r o u p s   c o n t a i n i n g  



a  t o t a l   of  f rom  2  to   a b o u t   24  c a r b o n   a t o m s   in   t h e   g r o u p ,  

a  c y c l o h e x y l   g r o u p ,   c y c l o h e x y l a l k y l   g r o u p s   c o n t a i n i n g  

7  to   a b o u t   14  c a r b o n   a t o m s   in   t h e   g r o u p ,   h y d r o x y   g r o u p s ,  

a m i n o   g r o u p s   and  a m i n o a l k y l   g r o u p s   and  a l k y l - s u b s t i t u t e d  

a m i n o   and  a m i n o a l k y l   g r o u p s   w h e r e i n   t h e   a l k y l   c o n t a i n s  

1  to   a b o u t   12  c a r b o n   a t o m s ;   Z  i s   a  s e g m e n t   of  t h e   p o l y m e r  

b a c k b o n e   d e r i v e d   f r o m   an  o l e f i n i c   m o n o m e r ;   x  i s   0,  1 ,  

2  or  3;  and  B  i s   h y d r o g e n ,   an  a l k y l   g r o u p   c o n t a i n i n g   1 

t o  a b o u t   12  c a r b o n   a t o m s ,   a  c y c l o h e x y l   g r o u p s ,   or   a  

c y c l o h e x y l a l k y l   g r o u p   of  7  to   a b o u t   14  c a r b o n   a t o m s   i n  

t h e   g r o u p ;   and  m  i s   a t   l e a s t   2 .  

T h i s   s t a b i l i z e r   p o l y m e r   can  be  p r e s e n t   in   t h e   c o m p o s i t i o n   a s  

a  p h y s i c a l l y   d i s t i n c t   e n t i t y   or   c h e m i c a l l y   b o n d e d   to   t h e   u l t r a -  

v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r .   In  one  of   t h e   p r e f e r r e d   e m b o d i -  

m e n t s   of   t h i s   i n v e n t i o n ,   t h e   s t a b i l i z e r   p o l y m e r   i s   c h e m i c a l l y  

e n g r a f t e d   upon   t h e   u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r .   I n  

a n o t h e r   of   t h e   p r e f e r r e d   e m b o d i m e n t s   of  t h i s   i n v e n t i o n ,   t h e  

s t a b i l i z e r   p o l y m e r   i s   p r e s e n t   in   t h e   c o m p o s i t i o n   as  a  c o p o l y -  

mer  w i t h   e i t h e r   t h e   u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r   o r  

w i t h   p o l y m e r s   w h i c h   a r e   r e l a t i v e l y   i n s e n s i t i v e   to   p h o t o d e g r a d a -  

t i o n   by  u l t r a v i o l e t   l i g h t   ( e . g .   4 - v i n y l p y r i d i n e ) .  

DESCRIPTION  OF  THE  INVENTION 
INCLUDING  PREFERRED  EMBODIMENTS 

The  c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   can   be  p r e p a r e d  

by  s i m p l y   c o m b i n i n g   t h e   u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r  

and  t h e   s t a b i l i z e r   p o l y m e r   in  a  common  s o l v e n t   and  t h e r e a f t e r  

e v a p o r a t i n g   t h e   s o l v e n t   to   y i e l d   an  u l t r a v i o l e t   l i g h t   s e n s i t i v e  

p o l y m e r   r e s i n .   T h i s   r e s i n ,   w h i c h   i s   t h u s   r e c o v e r e d ,   can   b e  

s u b s e q u e n t l y   f o r m e d   i n t o   a  v a r i e t y   of  a r t i c l e s   by  a  c o n v e n -  



t i o n a l   m e a n s .   The  t e r m   " p h o t o d e g r a d a t i o n "   as  u s e d   h e r e i n  

w i t h   r e f e r e n c e   to   t h e   u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r i c  

m a t e r i a l s   i s   i n c l u s i v e   of  any  p h o t o - i n d u c e d   c h a n g e   in  t h e  

p h y s i c a l ,   c h e m i c a l   a n d / o r   e l e c t r i c a l   p r o p e r t i e s   of  t h e  

p o l y m e r   or  a r t i c l e s   p r e p a r e d   t h e r e f r o m .  

U l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r s   of  t h e  

c o m p o s i t i o n s   of   t h i s   i n v e n t i o n   i n c l u d e   any  p o l y m e r i c   m a t e r i a l  

t h a t   m a n i f e s t s   d e g r a d a t i o n   upon   e x p o s u r e   to   u l t r a v i o l e t   l i g h t .  

Such  d e g r a d a t i o n   can   i n c l u d e   d i s c o l o r a t i o n   a n d / o r   e m b r i t t l e -  

m e n t .   R e p r e s e n t a t i v e   of   s u c h   p o l y m e r i c   m a t e r i a l s   i n c l u d e   t h e  

p o l y u r e t h a n e s ,   PVC  r e s i n s ,   ABS  r e s i n s ,   p o l y s t y r e n e ,   p o l y -  

a c r y l o n i t r i l e ,   p o l y m e t h a c r y l a t e s ,   p o l y c a r b o n a t e s ,   v a r n i s h ,  

p h e n o l - f o r m a l d e h y d e   r e s i n s ,   p o l y e p o x i d e s ,   p o l y e s t e r s ,   a n d  

p o l y o l e f i n s   (homo  and  c o p o l y m e r s   of   p o l y e t h y l e n e ,   p o l y p r o p y -  

l e n e ,   e t h y l e n e - p r o p y l e n e   c o p o l y m e r s ,   e t h y l e n e - v i n y l   a c e t a t e  

c o p o l y m e r s )   and  t h e   l i k e .   In  t h e   p r e f e r r e d   c o m p o s i t i o n s   o f  

t h i s   i n v e n t i o n ,   t h e   u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r s  

a r e   d e r i v e d   f rom  a - m o n o o l e f i n   m o n o m e r s   s u c h   as  e t h y l e n e ,  

p r o p y l e n e ,   i s o b u t y l e n e ,   1 - b u t e n e ,   1 - p e n t e n e ,   1 - h e x e n e ,   4 -  

m e t h y l - 1 - p e n t e n e , ,   and  t h e   l i k e .  

The  s t a b i l i z e r   p o l y m e r s   u s e d   in   c o n j u n c t i o n   w i t h  

t h e   u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r s   can   be  p r e p a r e d  

by  t e c h n i q u e s   g e n e r a l l y   d i s c l o s e d   in   t h e   open   l i t e r a t u r e .  

The  p r e f e r r e d   s t a b i l i z e r   p o l y m e r s   of   t h e   c o m p o s i t i o n s   o f  

t h i s   i n v e n t i o n   i n c l u d e   t h e   f o l l o w i n g :  



o r  

and  w h e r e i n   Ra,  Rb,  Rc,  A  and  B  a r e   as  p r e v i o u s l y  

d e f i n e d ;   y  can   be  1 - 4 ;   and  m  i s   t h e   n u m b e r   of  s t a -  

b i l i z e r   u n i t s   in  t h e   p o l y m e r   and  n  i s   t h e   n u m b e r   o f  

n o n s t a b i l i z e r   u n i t s   in   t h e   p o l y m e r   w i t h   t h e   p r o v i s o  

t h a t   m > n .  

S t a b i l i z e r   p o l y m e r s   w h i c h   a r e   e s p e c i a l l y   p r e f e r r e d  

f o r   u s e   in   t h e   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   a r e   d e r i v e d   f r o m  

m o n o m e r s   r e p r e s e n t e d   by  t h e   f o l l o w i n g   f o r m u l a e :  





The  a b o v e   m o n o m e r s   can   be  r e a d i l y   c o m b i n e d   w i t h  

any  of  t h e   u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r s   r e f e r r e d   t o  

h e r e i n a b o v e ,   or  c o p o l y m e r i z e d   w i t h   m o n o m e r s   w h i c h   a r e   n o t  

n o t e d   f o r   t h e i r   s e n s i t i v i t y   to   u l t r a v i o l e t   d e g r a d a t i o n .  

M o r e o v e r ,   t h e   a b o v e   m o n o m e r s   can  a l s o   be  c o p o l y m e r i z e d   w i t h  

m o n o m e r s   h a v i n g   p e n d a n t   f u n c t i o n a l   g r o u p s   c a p a b l e   of  f u r t h e r  

s t a b i l i z a t i o n   of  t h e   p o l y m e r   c o m p o s i t i o n   to   o t h e r   d e g r a d a t i v e  

f o r c e s .   In  a d d i t i o n   to  t h e   v a r i o u s   i n g r e d i e n t s   r e f e r r e d   t o  

h e r e i n a b o v e ,   t h e   s t a b i l i z e r   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n  

can  a l s o   i n c l u d e   o t h e r   o p t i o n a l   i n g r e d i e n t s .   Such  o p t i o n a l  

i n g r e d i e n t s   can   be  s e l e c t e d   f rom  among  t h e   m e t a l   o x i d e s ,  

s u c h   as  z i n c ,   c a l c i u m   and  m a g n e s i u m   o x i d e ;   f a t t y   a c i d s ,   s u c h  

as  s t e a r i c ,   l a u r i c   a c i d   and  t h e   m e t a l   and  ammonium  s a l t s  

t h e r e o f ;   f i l l e r s ,   s u c h   as  c a l c i u m   and  m a g n e s i u m   c a r b o n a t e ,  

c a l c i u m   and  b a r i u m   s u l p h a t e s ,   a l u m i n u m   s i l i c a t e s ,   a s b e s t o s ,  

and  t h e   l i k e ;   p l a s t i c i z e r s   and  e x t e n d e r s   s u c h   as  d i a l k y l   a n d  

d i a r y l   o r g a n i c   a c i d s ,   t y p i c a l l y   d i i s o b u t y l ,   d i i s o o c t y l ,  

d i i s o d e c y l   and  d i b e n z y l   o l e a t e ,   s t e a r a t e s ,   s e b a c a t e s ,   a z e l a t e s ,  

p h t h a l a t e s ,   and  t h e   l i k e ;   ASTM  Type  I I   p e t r o l e u m   o i l s ,  

p a r a f f i n i c   o i l s ,   c a s t o r   o i l ,   t a l l   o i l ,   g l y c e r i n ,   and  t h e  

l i k e ;   a n t i o x i d a n t s ,   s u c h   as  2 , 6 - d i - t - b u t y l   p a r a c r e s o l ,   2 , 2 ' -  

m e t h y l e n e - b i s - ( 4 - m e t h y l - 6 - t - b u t y l p h e n o l ) ,   2 , 2 ' - t h i o - b i s - ( 4 -  

m e t h y l - 6 - t - b u t y l p h e n o l ) ,   2 , 2 ' - m e t h y l e n e -   b i s  -   ( 6 - t - b u t y l - 4 -  

e t h y l p h e n o l )  ,   4 , 4 ' -   b u t y l i d e n e - b i s -   ( 6 - t - b u t y l - m - c r e s o l )  ,  

2 - ( 4 - h y d r o x y - 3 , 5 - d i - t - b u t y l a n i l i n e ) ,   4 , 6 - b i s - ( o c t y l t h i o ) - l , 3 ,  

5 - t r i a z i n e ,   h e x a h y d r o - 1 , 3 , 5 - t r i s - β - ( 3 , 5 - d i - t - b u t y l - 4 - h y d r o x y -  

p h e n y l ) - p r o p i o n y l - s - t r i a z i n e ,   t r i s - ( 3 , 5 - d i - t - b u t y l - 4 - h y d r o x y -  

b e n z y l )   - i s o c y a n u r a t e ,   t e t r a k i s   -me thy lene -3   ( 3 ' , 5 ' - d i - t - b u t y l -  

4 ' - h y d r o x y p h e n y l ) p r o p i o n a t e   m e t h a n e ,   d i s t e a r y l t h i o d i p r o p i o n -  



a t e ,   d i l a u r y l t h i o d i p r o p i o n a t e ,   t r i ( n o n y l p h e n y l )   p h o s p h i t e ,  

t i n t h i o g l y c o l a t e ,   and  t h e   l i k e ;   and  o t h e r   i n g r e d i e n t s   i n c l u d -  

i ng   p i g m e n t s ,   t a c k i f i e r s ,   f l a m e   r e t a r d a n t s ,   f u n g i c i d e s   and  t h e  

l i k e .  

O p t i o n a l   c o m p o u n d i n g   i n g r e d i e n t s   of  p a r t i c u l a r   i n -  

t e r e s t   f o r   u s e   in   c o n j u n c t i o n   w i t h   s t a b i l i z e r   p o l y m e r s   o f  

t h i s   i n v e n t i o n   a r e   t h e   a n t i o x i d a n t   s t a b i l i z e r s .   The  a d d i t i o n  

of  s u c h   a n t i o x i d a n t   s t a b i l i z e r s   to  t h e   p o l y m e r   c o n f e r s   u p o n  

t h e   r e s u l t i n g   c o m p o s i t i o n   p r o t e c t i o n   a g a i n s t   o x i d a t i v e   d e g r a -  

d a t i o n   w h e r e a s   t h e   s t a b i l i z e r   p o l y m e r   p r e v e n t s   p h o t o d e c o m p o s i -  

t i o n   by  u l t r a v i o l e t   l i g h t .   The  c o m b i n e d   b e n e f i t s   of  s u c h  

s t a b i l i z e r   a g e n t s   i s   to  p r o v i d e   a  c o m p o s i t i o n   w h i c h   i s   r e s i s -  

t a n t   to   t h e   m a j o r   d e g r a d a t i v e   f o r c e s   e n c o u n t e r e d   in  t h e   a m -  

b i e n t   e n v i r o n m e n t .   The  t y p e   of  a n t i o x i d a n t   e s p e c i a l l y   p r e f e r -  

a b l e   f o r   u s e   in  c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   i n c l u d e   t h e  

p h e n o l i c   a n t i o x i d a n t s   a v a i l a b l e   in  t h e   a r t .   E x a m p l e s   of  s u c h  

p h e n o l i c   a n t i o x i d a n t s   a r e   2 , 6 - d i - t - b u t y l p h e n o l ;   2 - m e t h y l - 4 ,  

6 - d i n o n y l p h e n o l ;   2 , 6 - d i - t - b u t y l - p - c r e s o l ;   2 , 2 ' -  m e t h y l e n e - b i s  

( 4 - m e t h y l - 6 - t - b u t y l - p h e n o l ) ;   1 , 1 ' - m e t h y l e n e - b i s   ( 2 - n a p h t h o l )  ;  

4 , 4 ' - m e t h y l e n e   - b i s ( 2 , 6 - d i - t - b u t y l p h e n o l )  ;   4 , 4 ' - t h i o - b i s ( 6 - t -  

b u t y l - m - c r e s o l ) ,   and  t h e   l i k e .   A l t h o u g h   any  of  t h e   p h e n o l i c  

a n t i o x i d a n t s   r e f e r r e d   to   a b o v e   w o u l d ,   in  c o m b i n a t i o n   w i t h   t h e  

p o l y m e r i c   s t a b i l i z e r s ,   c o n f e r   e n h a n c e d   h e a t   r e s i s t a n c e   a n d  

o x y g e n   s t a b i l i t y   upon   t h e   r e s u l t i n g   c o m p o s i t i o n ,   t h e   m o r e  

p r e f e r r e d   p h e n o l i c   a n t i o x i d a n t s   a r e   t h o s e   h a v i n g   a l k y l   h y d r o x y l  

p h e n o l   s u b s t i t u e n t s   on  an  e s t e r   or   a  h e t e r o c y c l i c   n u c l e u s .  

The  s t a b i l i z e r   p o l y m e r   and  t h e   o t h e r   o p t i o n a l   c o m -  

p o u n d i n g   i n g r e d i e n t s   can  be  r e a d i l y   a d m i x e d   w i t h   t h e   u l t r a -  

v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r i c   m a t e r i a l s   u s i n g   known  m i x i n g  



t e c h n i q u e s   and  e q u i p m e n t .   T y p i c a l l y   s u c h   m a t e r i a l s   can   b e  

c o m b i n e d   u s i n g   a  B a n b u r y   m i x e r ,   a  H e n s c h e l   m i x e r ,   a  r u b b e r  

m i l l ,   an  e x t r u d e r   m i x e r   or   o t h e r   e q u i v a l e n t   a p p a r a t u s .  

S t a n d a r d   m i x i n g   t i m e s   and  t e m p e r a t u r e s   can   be  e m p l o y e d .  

The  o b j e c t i v e   i s   to   o b t a i n   an  i n t i m a t e   and  u n i f o r m   d i s p e r s i o n  

of   t h e   s t a b i l i z i n g   a g e n t s   w i t h i n   t h e   p o l y m e r i c   c o m p o s i t i o n .  

The  r a n g e   of   c o n c e n t r a t i o n   of  s t a b i l i z e r   a g e n t s   r e l a t i v e   t o  

t h e   u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r   s h o u l d   p r e f e r a b l y  

be  m a i n t a i n e d   w i t h i n   a  r a n g e   of   f rom  a b o u t   0 . 0 5   p a r t s   b y  

w e i g h t   s t a b i l i z e r   p o l y m e r   p e r   one  h u n d r e d   p a r t s   by  w e i g h t  

u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r   to   a b o u t   5  p a r t s   b y  

w e i g h t   s t a b i l i z e r   p o l y m e r   p e r   one  h u n d r e d   p a r t s   u l t r a v i o l e t  

l i g h t   s e n s i t i v e   p o l y m e r .   The  p r e f e r r e d   c o n t e n t   of   s t a b i l i z e r  

in   t h e   p o l y m e r   c o m p o s i t i o n   i s   t y p i c a l l y   in   t h e   r a n g e   of  f r o m  

a b o u t   0 . 1   p a r t s   by  w e i g h t   s t a b i l i z e r   p o l y m e r   p e r   one  h u n d r e d  

p a r t s   u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r   to   a b o u t   1  p a r t   b y  

w e i g h t   s t a b i l i z e r   p o l y m e r   p e r   one  h u n d r e d   p a r t s   by  w e i g h t  

u l t r a v i o l e t   l i g h t   s e n s i t i v e   p o l y m e r .   As  i n d i c a t e d   p r e v i o u s l y ,  

t h e   s t a b i l i z e r   p o l y m e r   can  be  p r e s e n t   in   t h e   p o l y m e r   c o m p o s i -  

t i o n   as  a  c o p o l y m e r .   Of  c o u r s e ,   t h e   r a n g e   of   r e l a t i v e   c o n -  

c e n t r a t i o n s   s e t   f o r t h   i m m e d i a t e l y   p r e c e d i n g   i s   b a s e d   upon   t h e  

c o n c e n t r a t i o n   of  t h e   s t a b i l i z e r   s e g m e n t   of  s u c h   c o p o l y m e r .  

The  u l t r a v i o l e t   l i g h t   s t a b i l i t y   of  t h e   c o m p o s i t i o n s  

of   t h i s   i n v e n t i o n   i s   e v a l u a t e d   by  e x p o s i n g   a  p r e p a r e d   s a m p l e  

of  t h e   c o m p o s i t i o n   to   an  Xenon  o r   c a r b o n   a r c   l i g h t   in   a  

W e a t h e r - O m e t e r   o p e r a t i n g   a t   a  t e m p e r a t u r e ,   of  f o r   e x a m p l e ,  

a b o u t   1 4 0 ° F ( 6 0 ° C . ) .   D e g r a d a t i o n   of   t h e   s a m p l e   i s   m o n i t o r e d  

p e r i o d i c a l l y   by  m e a s u r i n g   t h e   c a r b o n y l   a b s o r p t i o n   b a n d   a t  

1720  cm-1  u s i n g   an  IR  s p e c t r o p h o t o m e t e r .   The  f o r m a t i o n   o f  



c a r b o n y l   g r o u p s   i n d i c a t e s   p h o t o d e g r a d a t i o n   of  t h e   s a m p l e .  

The  d e t a i l s   of  s u c h   t e s t   p r o c e d u r e s   a r e   d o c u m e n t e d   in  t h e  

open   l i t e r a t u r e   and  can   be  f o u n d   in  t h e   book  e n t i t l e d  

" P h o t o d e g r a d a t i o n ,   P h o t o o x i d a t i o n   and  P h o t o s t a b i l i z a t i o n  

of  P o l y m e r s "   by  Ramby  and  R a b e k ,   J o h n   W i l e y   &  S o n s ,   New  Y o r k  

C i t y   (1975)   a t   p a g e s   129  e t   s e q ,   and  i s   a l s o   d i s c l o s e d   i n  

U.S .   P a t e n t   3 , 9 0 9 , 4 9 3 .   The  s a m p l e s   a r e   f u r t h e r   e v a l u a t e d  

v i s u a l l y   f o r   c r a c k s   by  f l e x u r e   a t   1 8 0 ° F .   In  a d d i t i o n ,   t h e  

s a m p l e   can  be  e v a l u a t e d   f o r   o x i d a t i v e   and  t h e r m a l   s t a b i l i t y  

by  m e a s u r i n g   t h e   t i m e   r e q u i r e d   f o r   d i s c o l o r a t i o n   a n d / o r  

e m b r i t t l e m e n t   of  t h e   s a m p l e   by  a g i n g   in  a  h e a t e d   oven   o p e r a t e d  

a t   1 4 0 ° C .  

EXAMPLES 

The  e x a m p l e s   w h i c h   f o l l o w   f u r t h e r   d e f i n e ,   d e s c r i b e  

and  i l l u s t r a t e   t h e   p r e p a r a t i o n   and  e v a l u a t i o n   of  t h e   c o m p o s i -  

t i o n s   of  t h i s   i n v e n t i o n .   A p p a r a t u s   and  t e c h n i q u e s   u s e d   i n  

s u c h   p r e p a r a t i o n   and  e v a l u a t i o n   a r e   s t a n d a r d   or   as  h e r e i n -  

b e f o r e   d e s c r i b e d .   P a r t s   and  p e r c e n t a g e s   a p p e a r i n g   in   s u c h  

e x a m p l e s   a r e   by  w e i g h t   u n l e s s   o t h e r w i s e   i n d i c a t e d .  

EXAMPLE  I  

P r e p a r a t i o n   of  N - ( 2 - a c r y l o x y e t h y l ) - 2 , 2 , 4 - t r i m e t h y l -  

d e c a h y d r o q u i n o l i n e  .  

F o l l o w i n g   t h e   m e t h o d   d e s c r i b e d   in  U.S .   P a t e n t  

3 , 8 7 2 , 1 6 1 ,   t h e   t i t l e   c o m p o u n d   was  p r e p a r e d   by  r e a c t i n g   1  m o l e  

of  l - ( 2 - h y d r o x y e t h y l ) - 2 , 2 , 4 - t r i e t h y l d e c a h y d r o q u i n o l i n e   ( h e r e -  

i n a f t e r   r e f e r r e d   to  as  HETDQ)  w i t h   3  m o l e s   m e t h y l a c r y l a t e   i n  

t h e   p r e s e n c e   of  0 .8   g ram  p h e n o t h i a z i n e   and  13  g r ams   z i n c  

c a r b o n a t e .   The  a b o v e   m i x t u r e   was  h e a t e d   to   87°C.   in  a  1  l i t e r  



3 - n e c k e d   f l a s k   e q u i p p e d   w i t h   a  f r a c t i o n a t i n g   c o l u m n .   The  p o t  

t e m p e r a t u r e   was  g r a d u a l l y   i n c r e a s e d   to   a  maximum  of   1 6 4 ° C .  

w h i l e   m e t h a n o l   and  o t h e r   l o w e r   b o i l i n g   p o i n t   l i q u i d   f r a c t i o n s  

w e r e   c o l l e c t e d .   The  r e a c t i o n   t o o k   f o u r   d a y s .  

The  r e s u l t i n g   r e a c t i o n   m i x t u r e   was  d i l u t e d   w i t h  

e t h a n o l   and  f i l t e r e d .   S o l v e n t s   w e r e   r e m o v e d   f rom  t h e   a b o v e  

f i l t r a t e   and  f r a c t i o n a t e d   u n d e r   v a c u u m .   The  f r a c t i o n   w h i c h  

b o i l e d   a t   105  to   1 0 9 ° C .   ( 0 . 2 5   mmHg)  was  t h e   d e s i r e d   p r o d u c t .  

I t   i s   a  c l e a r   l i q u i d   and  w e i g h e d   5 3 . 2   g m s .  

C a l c u l a t e d   f o r   C 1 7 H 2 9 N O 2 :  

C,  7 3 . 0 7 ;   H,  1 0 . 4 6 ;   N,  5 . 0 1 .  

F o u n d :   C,  7 3 . 6 1 ;   H,  1 1 . 2 4 :   N,  5 . 1 8 .  

EXAMPLE  I I  

P r e p a r a t i o n   of  N - ( 2 - h y d r o x y - 3 - m e t h a c r y l o x y e t h y l ) -  

2 , 2 , 4 - t r i m e t h y l d e c a h y d r o q u i n o l i n e .  

In  a  500  ml  3 - n e c k   f l a s k   w e r e   p l a c e d   0 . 6 2   mo le   o f  

2 , 2 , 4 - t r i m e t h y l d e c a h y d r o q u i n o l i n e   ( h e r e i n a f t e r   r e f e r r e d   to   a s  

TDQ),  0 . 6 2   mole   of  g l y c i d y l   m e t h a c r y l a t e ,   0 .5   g ram  p - t o l u e n e  

s u l f o n i c   a c i d ,   0 .5   g ram  p - h y d r o q u i n o n e ,   and  5  mls   of   e t h a n o l .  

The  a b o v e   m i x t u r e   was  h e a t e d   and  a l l o w e d   to   r e a c t   o v e r n i g h t .  

The  maximum  p o t   t e m p e r a t u r e   was  a p p r o x i m a t e l y   1 8 8 ° C .  

The  f o l l o w i n g   d a y ,   t h e   r e a c t i o n   m i x t u r e   was  f i l t e r e d  

w i t h   m e t h a n o l .   The  f i l t r a t e   was  c o n c e n t r a t e d   on  an  e v a p o r a t o r ,  

and  t h e   r e s i d u e   f r a c t i o n a t e d   to   g i v e   5 4 . 9   g r a m s   of   a  p a l e  

y e l l o w   s y r u p ,   b . p .   1 4 9 - 1 5 3 ° C .   ( 0 . 2 5   mmHg) .  

C a l c u l a t e d   f o r   C 1 9 H 3 3 N 0 3 :  

C,  7 0 . 5 5 ;   H,  1 0 . 2 8 ;   N,  4 . 3 3 .  

F o u n d :   C,  7 0 . 2 9 ;   H,  1 0 . 6 6 ;   N,  4 . 3 3 .  



EXAMPLE  I I I  

P r e p a r a t i o n   of  N - ( 2 - m e t h a c r y l o x y e t h y l ) - 2 , 2 , 4 - t r i -  

m e t h y l d e c a h y d r o q u i n o l i n e .  

F o l l o w i n g   t h e   m e t h o d   d e s c r i b e d   in  U.S .   P a t e n t  

3 , 1 7 2 , 8 5 6 ,   0 . 6 1   m o l e s   of  HETDQ  w e r e   r e a c t e d   w i t h   0 . 6 1   m o l e s  

of  m e t h a c r y l i c   a c i d   in  t h e   p r e s e n c e   of  0 .3   g r ams   h y d r o q u i n o n e  

and  0 .4   g r ams   of  s o d i u m   a c i d   s u l p h a t e .   X y l e n e   (400  mls)   w a s  

u s e d   as  a  s o l v e n t .   The  a b o v e   m i x t u r e   was  s t i r r e d   f o r   an  h o u r ,  

t h e n   h e a t e d   to  r e f l ux   o v e r n i g h t .   A  t o t a l   of  1 0 . 3   mls  of  w a t e r  

was  c o l l e c t e d .   X y l e n e   was  r e m o v e d   f rom  t h e   r e a c t i o n   m i x t u r e  

and  t h e   d e s i r e d   p r o d u c t   i s o l a t e d   by  f r a c t i o n a t i n g   a t   r e d u c e d  

p r e s s u r e s .   The  f r a c t i o n   w h i c h   b o i l e d   a t   1 4 4 - 1 4 6 ° C .   ( 0 . 7   mmHg) 

gave   a  s a t i s f a c t o r y   e l e m e n t a l   a n a l y s i s .   A  t o t a l   of  1 3 4 . 3   g r a m s  

(75%  of  t h e o r e t i c a l   y i e l d )   was  p r o d u c e d   and  i s o l a t e d .  

C a l c u l a t e d   f o r   C 1 8 H 3 1 N O 2 :  

C,  7 3 . 6 7 ;   H,  1 0 . 6 5 ;   N,  4 . 7 7 .  

F o u n d :   C,  7 3 . 6 3 ;   H,  1 0 . 8 6 ;   N,  4 . 6 6 .  

EXAMPLE  I V  

P r e p a r a t i o n   of  a  c o p o l y m e r   f rom  N - ( 2 - a c r y l o x y e t h y l ) -  

2 , 2 , 4 - t r i m e t h y l d e c a h y d r o q u i n o l i n e   and  2 - h y d r o x y l - 4 - ( 2 - h y d r o x y -  

3 - m e t h a c r y l o x y ) p r o p o x y b e n z o p h e n o n e .  

In  a  500  ml  3 - n e c k e d   f l a s k   w e r e   p l a c e d   0 . 0 5   m o l e  

of  N - ( 2 - a c r y l o x y e t h y l ) - 2 , 2 , 4 - t r i m e t h y l d e c a h y d r o q u i n o l i n e  

( p r e p a r e d   in  t h e   m a n n e r   d e s c r i b e d   in  E x a m p l e   I ) ,   0 . 0 5   m o l e  

2 - h y d r o x y - 4 - ( 2 - h y d r o x y - 3 - m e t h a c r y l o x y ) p r o p o x y b e n z o p h e n o n e ,  

0 .4   gram  a z o b i s i s o b u t y r o n i t r i l e   ( h e r e i n a f t e r   r e f e r r e d   to   a s  

AIBN) ,   and  250  mls  t e t r a h y d r o f u r a n .   The  a b o v e   m i x t u r e   w a s  

s t i r r e d   u n d e r   a  n i t r o g e n   a t m o s p h e r e ,   g r a d u a l l y   h e a t e d   t o  

r e f l u x   and  a l l o w e d   to  r e a c t   f o r   3  d a y s   w i t h   m i l d   a g i t a t i o n .  



The  s o l v e n t   was  s u b s e q u e n t l y   r e m o v e d   f rom  t h e   r e a c t i o n   m i x t u r e  

by  e v a p o r a t i o n .   The  r e s i d u e   r e m a i n i n g   in   t h e   f l a s k   was  t a k e n  

up  w i t h   m e t h a n o l   and  t h e   d e s i r e d   p r o d u c t   i s o l a t e d   by  c e n t r i -  

f u g a t i o n .   A  t o t a l   of  9 .2   g r ams   p a l e   y e l l o w   s o l i d s   w e r e  

o b t a i n e d .   The  p a l e   y e l l o w   s o l i d   was  s u b j e c t e d   to   NMR  s p e c t r e -  

a n a l y s i s .   The  r e s u l t s   of  s u c h   e v a l u a t i o n   i n d i c a t e   t h a t   t h e  

p r o d u c t   c o n t a i n e d   4 2 . 2   mole   p e r c e n t   of  2 , 2 , 4 - t r i m e t h y l d e c a -  

h y d r o q u i n o l i n e   g r o u p s ,   and  5 7 . 8   mole   p e r c e n t   b e n z o p h e n o n e  

f u n c t i o n a l   g r o u p s .   E l e m e n t a l   a n a l y s i s   showed   67 .28%  c a r b o n ,  

7.42%  h y d r o g e n   and  1.50%  n i t r o g e n .  

EXAMPLE  V 

P r e p a r a t i o n   of  c o p o l y m e r s   f rom  a c r y l o n i t r i l e   a n d  

N - ( 2 - m e t h y l a c r y l o x y e t h y l ) - 2 , 2 , 4 - t r i m e t h y l d e c a h y d r o q u i n o l i n e .  

F o l l o w i n g   e s s e n t i a l l y   t h e   same  p r o c e d u r e   as  d e s -  

c r i b e d   in   E x a m p l e   IV,  0 .1   mole   of   N - ( 2 - m e t h a c r y l o x y e t h y l ) -  

2 , 2 , 4 - t r i m e t h y l d e c a h y d r o q u i n o l i n e   was  r e a c t e d   w i t h  0 . 1   m o l e  

of  a c r y l o n i t r i l e   in   t h e   p r e s e n c e   of  0 .4   gram  AIBN  and  1 2 0  

mls  of  2 - p r o p a n o l .  

The  2 - p r o p a n o l   u s e d   as  t h e   p o l y m e r i z a t i o n   med ium  i s  

d e g a s s e d   w i t h   n i t r o g e n   p r i o r   to   i n i t i a t i o n   of   t h e   p o l y m e r i z a -  

t i o n .  

The  r e a c t i o n   m i x t u r e   was  s t i r r e d   and  h e a t e d   g r a d u a l l y  

to  r e f l u x   and  t h e   r e a c t i o n   a l l o w e d   to   c o n t i n u e   o v e r n i g h t .   Two 

s e p a r a t e   l a y e r s   w e r e   f o r m e d   w i t h i n   t h e   r e a c t i o n   v e s s e l .   T h e  

u p p e r   l a y e r   was  r e m o v e d   by  d e c a n t a t i o n   and  t h e n   e t h a n o l   w a s  

a d d e d   to  t h e   l o w e r   l a y e r ,   t h e r e b y   f o r m i n g   a  p r e c i p i t a t e .  

The  p r e c i p i t a t e d   m a t e r i a l   was  w a s h e d   t w i c e   w i t h   a l c o h o l   a n d  

d r i e d   in   a  v a c u u m   o v e n .   The  d r i e d   s o l i d   was  g r o u n d   and  s i e v e d  



t h r o u g h   60  mesh  s c r e e n i n g .   The  o f f - w h i t e   p o w d e r   t h u s   r e c o v e r e d ,  

( a p p r o x i m a t e l y   1 7 . 3   g r a m s )   had  a  m e l t i n g   p o i n t   in   t h e   r a n g e  

of  1 0 4  -   1 1 4 ° C .   and  was  i n s o l u b l e   in   d i m e t h y l s u l f o x i d e   (DMSO).  

EXAMPLE  V I  

P r e p a r a t i o n   of  c o p o l y m e r   f rom  N - ( 2 - m e t h a c r y l o x y -  

e t h y l ) - 2 , 2 , 4 - t r i m e t h y l d e c a h y d r o q u i n o l i n e   and  2 - h y d r o x y - 4 -  

( 2 - h y d r o x y - 3 - m e t h a c r y l o x y ) p r o p o x y b e n z o p h e n o n e .  

F o l l o w i n g   e s s e n t i a l l y   t h e   same  p r o c e d u r e s   d e s c r i b e d  

in  E x a m p l e   IV,  a b o u t   0 . 1   mole   of  N - ( 2 - m e t h a c r y l o x y e t h y l ) -  

2 , 2 , 4 - t r i m e t h y l d e c a h y d r o q u i n o l i n e   was  r e a c t e d   w i t h   0 .1   m o l e  

of  2 - h y d r o x y - 4 - ( 2 - h y d r o x y - 3 - m e t h a c r y l o x y ) p r o p o x y b e n z o p h e n o n e  

in  t h e   p r e s e n c e   of  0 .4   gram  AIBN  in  100  m i l l i l i t e r s   of  d r i e d  

b e n z e n e .  

The  r e a c t i o n   m i x t u r e   was  g r a d u a l l y   h e a t e d   to   r e f l u x  

and  a l l o w e d   to   r e a c t   o v e r n i g h t .   The  r e s u l t i n g   m i x t u r e   w a s  

t r i t u r a t e d   w i t h   h e x a n e   t h e r e b y   f o r m i n g   a  s o l i d   m a t e r i a l .  

The  s o l i d s   t h u s   f o r m e d   a r e   g r o u n d   in  a  m o r t a r   and  p e s t i l e   a n d  

t h e r e a f t e r   s e p a r a t e d   f rom  h e x a n e   by  f i l t r a t i o n .   The  r e c o v e r e d  

s o l i d s   a r e   d r i e d   in  a  v a c u u m   o v e n ,   g r o u n d   and  s i e v e d   t h r o u g h  

a  n u m b e r   60  mesh  s c r e e n .   The  s o l i d s   t h u s   r e c o v e r e d   w e i g h e d  

a p p r o x i m a t e l y   2 2 . 6   g r ams   and  had  a  s o f t e n i n g   p o i n t   of  a b o u t  

1 1 4 ° C .   E l e m e n t a l   a n a l y s i s   of  t h e   p o l y m e r i c   s a m p l e   r e v e a l e d  

70.4%  C  and  8.18%  H,  and  2.23%  N.  F u r t h e r   e x t r a c t i o n   of  t h e  

r e a c t i o n   medium  w i t h   a c e t o n e   f o l l o w e d   by  h e x a n e   y i e l d e d   a d d i -  

i o n a l   c o p o l y m e r .   I n f r a r e d   s p e c t r a l   a n a l y s i s   c o n f i r m e d   t h e  

s u b s e q u e n t l y   r e c o v e r e d   m a t e r i a l s   to   be  i d e n t i c a l   to   t h a t   o r i g -  

i n a l l y   o b t a i n e d .  



EVALUATION  OF  EFFICACY  OF 
TITLE  COMPOUNDS  OF  EXAMPLES  I  THROUGH  V I  

Each  of   t h e   t i t l e   c o m p o u n d s   of  E x a m p l e s   I  t h r o u g h   V I  

i s   s e p a r a t e l y   c o m b i n e d   w i t h   a  p o l y p r o p y l e n e   r e s i n   in   a  common  

s o l v e n t   and  a  10  m i l   t h i c k   f i l m   p r e p a r e d   t h e r e f r o m   by  c o n v e n -  

t i o n a l   d r a w b a r   c o a t i n g   t e c h n i q u e s .   A  p o l y p r o p y l e n e   f i l m   i s  

a l s o   p r e p a r e d   w h e r e i n   a  c o m m e r c i a l l y   a v a i l a b l e   UV  s t a b i l i z e r  

T i n u v i n   327  i s   a d d e d   ( T i n u v i n   327  i s   a  s u b s t i t u t e d   a - h y d r o x y -  

p h e n y l b e n z o t r i a z o l e   a v a i l a b l e   f rom  C i b a - G e i g y   C o r p o r a t i o n ) .  

A l l   t h e   a b o v e   s a m p l e s   a l s o   c o n t a i n   an  o p t i o n a l   a n t i o x i d a n t ,  

GOOD-RITE  3125  a v a i l a b l e   f r o m   The  B F G o o d r i c h   C o m p a n y .  

The  u l t r a v i o l e t   l i g h t   s t a b i l i t y   of  e a c h   of  t h e  

f i l m s   p r e p a r e d   f rom  t h e   a b o v e   c o m p o s i t i o n s   was  e v a l u a t e d   b y  

e x p o s i n g   t h e   f i l m   s a m p l e   to   an  Xenon  lamp  in  a  W e a t h e r - O m e t e r  

( A t l a s   W e a t h e r - O m e t e r   Model   60-W)  m a i n t a i n e d   a t   a b o u t   6 0 ° C .  

D e g r a d a t i o n   of  t h e   s a m p l e   i s   m o n i t o r e d   p e r i o d i c a l l y   by  m e a s u r -  

i n g   t h e   c a r b o n y l   a b s o r p t i o n   b a n d   a t   1 7 2 0 c m - 1   u s i n g   an  IR  s p e c -  

t r o p h o t o m e t e r .   The  t a b l e   w h i c h   f o l l o w s   i n d i c a t e s   t h e   r e l a t i v e  

s t a b i l i t y   of  t h e   f i l m s   p r e p a r e d   f r o m   t h e   a b o v e   c o m p o s i t i o n s .  

The  n u m b e r   of   h o u r s   l i s t e d   i n d i c a t e d   t h e   d u r a t i o n   of   t i m e   p r i o r  

to   t h e   o n s e t   of  p h o t o d e g r a d a t i o n .  





As  i s   e v i d e n t   f rom  t h e   a b o v e   r e s u l t s ,   t h e   p o l y m e r  

c o m p o s i t i o n s   s t a b i l i z e d   w i t h   t h e   t i t l e   c o m p o u n d s   of   E x a m p l e s  

I  t h r o u g h   VI  h a v e   e n h a n c e d   s t a b i l i z a t i o n   to   p h o t o d e g r a d a t i o n  

by  u l t r a v i o l e t   l i g h t .  

The  f o r e g o i n g   E x a m p l e s   a r e   p r o v i d e d   as  i l l u s t r a t i v e  

of  some  of   t h e   p r e f e r r e d   e m b o d i m e n t s   of  t h i s   i n v e n t i o n   and  n o t  

i n t e n d e d   to   d e l i n e a t e   t h e   s c o p e   t h e r e o f ,   w h i c h   i s   s e t   f o r t h  

in  t h e   f o l l o w i n g   c l a i m s .  



1.  A  p o l y m e r   c o m p o s i t i o n   c o m p r i s i n g   a  p o l y m e r  

w h i c h   i s   s e n s i t i v e   to  d e g r a d a t i o n   f rom  u l t r a v i o l e t   l i g h t  

i r r a d i a t i o n   a n d ,   in  an  a m o u n t   s u f f i c i e n t   to  e n h a n c e   s a i d  

p o l y m e r s '   r e s i s t a n c e   to  s u c h   d e g r a d a t i o n ,   a  s t a b i l i z e r  

p o l y m e r   h a v i n g   s t r u c t u r a l   u n i t s   c o r r e s p o n d i n g   to  t h e  

f o l l o w i n g   f o r m u l a :  

w h e r e i n   Ra,  Rb,  and  Rc  a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

a l k y l   g r o u p s   c o n t a i n i n g   1  to  a b o u t   12  c a r b o n   a t o m s ,   a  

c y c l o h e x y l   g r o u p ,   or  c y c l o h e x y l a l k y l   g r o u p s   c o n t a i n i n g  

7  to  a b o u t   14  c a r b o n   a t o m s ;   A  i s   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  a l k y l   g r o u p s   c o n t a i n i n g   1  to  a b o u t   24 

c a r b o n   a t o m s ,   h y d r o x y a l k y l   g r o u p s   c o n t a i n i n g   1  to  a b o u t  

18  c a r b o n   a t o m s ,   a l k o x y   g r o u p s   c o n t a i n i n g   1  to  a b o u t  

12  c a r b o n   a t o m s   in  t h e   g r o u p ,   e s t e r   g r o u p s   c o n t a i n i n g   a  

t o t a l   of  f rom  2  to  a b o u t   24  c a r b o n   a t o m s   in  t h e   g r o u p ,  

a  c y c l o h e x y l   g r o u p ,   c y c l o h e x y l a l k y l   g r o u p s   c o n t a i n i n g  

7  to  a b o u t   14  c a r b o n   a t o m s   in  t h e   g r o u p ,   h y d r o x y   g r o u p s ,  

a m i n o   g r o u p s   and  a m i n o a l k y l   g r o u p s   and  a l k y l - s u b s t i t u t e d  

a m i n o   and  a m i n o a l k y l   g r o u p s   w h e r e i n   t h e   a l k y l   c o n t a i n s  

1  to  a b o u t   12  c a r b o n   a t o m s ;   Z  i s   a  s e g m e n t   of  t h e   p o l y -  



mer  b a c k b o n e   d e r i v e d   f rom  an  o l e f i n i c   m o n o m e r ,   X  i s   0,  1 ,  

2  or  3;  and  B  i s   h y d r o g e n ,   an  a l k y l   g r o u p   c o n t a i n i n g   1 

to  a b o u t   12  c a r b o n   a t o m s ,   a  c y c l o h e x y l   g r o u p ,   or  a  

c y c l o h e x y l a l k y l   g r o u p   of  7  to  a b o u t   14  c a r b o n   a t o m s   i n  

t h e   g r o u p ;   and  m  is   a t   l e a s t   2 .  

2.  The  c o m p o s i t i o n   of  C l a i m   1  w h e r e i n   t h e   s t a b i l -  

i z e r   p o l y m e r   c o m p r i s e s   s t r u c t u r a l   u n i t s   d e r i v e d   f rom  t h e  

m o n o m e r ,   N - 2 - a c r y l o x y e t h y l - 2 , 2 , 4 - t r i m e t h y l - d e c a h y d r o q u i n o l i n e .  

3.  The  p o l y m e r   c o m p o s i t i o n   of  C l a i m   1  w h e r e i n   t h e  

s t a b i l i z e r   p o l y m e r   c o m p r i s e s   s t r u c t u r a l   u n i t s   d e r i v e d  

f rom  t h e   m o n o m e r ,   N - ( 2 - h y d r o x y - 3 - m e t h a c r y l o x y e t h y l ) - 2 , 2 , 4 -  

t r i m e t h y l - d e c a h y d r o q u i n o l i n e .  

4.  The  p o l y m e r   c o m p o s i t i o n   of  C l a i m   1  w h e r e i n   t h e  

s t a b i l i z e r   p o l y m e r   c o m p r i s e s   s t r u c t u r a l   u n i t s   d e r i v e d   f r o m  

t h e   m o n o m e r ,   N - ( 2 - m e t h a c r y l o x y e t h y l ) = 2 , 2 , 4 - t r i m e t h y l d e c a h y d r o -  

q u i n o - l i n e .  

5.  The  p o l y m e r   c o m p o s i t i o n   of  C l a i m   2  w h e r e i n   t h e  

s t a b i l i z e r   p o l y m e r   a l s o   c o m p r i s e s   s t r u c t u r a l   u n i t s   d e r i v e d  

f rom  t h e   monomer   2 - h y d r o x y - 4 - ( 2 - h y d r o x y - 3 - m e t h a c r y l o x y )  

p r o p o x y b e n z o p h e n o n e .  

6.  The  p o l y m e r   c o m p o s i t i o n   of  C l a i m   4  w h e r e i n  

t h e   s t a b i l i z e r   p o l y m e r   a l s o   c o m p r i s e s   s t r u c t u r a l   u n i t s   d e -  

r i v e d   f rom  t h e   monomer   a c r y l o n i t r i l e .  

7.  The  p o l y m e r   c o m p o s i t i o n   of  C l a i m   4  w h e r e i n  

t h e   s t a b i l i z e r   p o l y m e r   a l s o   c o m p r i s e s   s t r u c t u r a l   u n i t s  

d e r i v e d   f rom  t h e   monomer   2 - h y d r o x y - 4 - ( 2 - h y d r o x y - 3 -  

m e t h a c r y l o x y )   p r o p o x y b e n z o p h e n o n e .  



8.  A  m e t h o d   f o r   e n h a n c i n g   t h e   r e s i s t a n c e   o f  

a  p o l y m e r   to   d e g r a d a t i o n   by  u l t r a v i o l e t   l i g h t ,   s a i d  

m e t h o d   c o m p r i s i n g   i n c o r p o r a t i n g   w i t h i n   e f f e c t i v e   a m o u n t  

of  a  p o l y m e r   c o r r e s p o n d i n g   to   t h e   f o l l o w i n g   s t r u c t u r a l  

f o r m u l a :  

w h e r e i n   Ra,  Rb,  and  R   a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m  
a  c  

a l k y l   g r o u p s   c o n t a i n i n g   1  to   a b o u t   12  c a r b o n   a t o m s ,   a  

c y c l o h e x y l   g r o u p ,   or  c y c l o h e x y l a l k y l   g r o u p s   c o n t a i n i n g  

7  to   a b o u t   14  c a r b o n   a t o m s ;   A  i s   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  a l k y l   g r o u p s   c o n t a i n i n g   1  t o   a b o u t   24  c a r -  

bon  a t o m s ,   h y d r o x y a l k y l   g r o u p s   c o n t a i n i n g   1  to   a b o u t   1 8  

c a r b o n   a t o m s ,   a l k o x y   g r o u p s   c o n t a i n i n g   1  to   a b o u t   12  c a r -  

bon  a t o m s   in   t h e   g r o u p ,   e s t e r   g r o u p s   c o n t a i n i n g   a  t o t a l  

of  f r o m   2  to   a b o u t   24  c a r b o n   a t o m s   in   t h e   g r o u p ,   a  c y -  

c l o h e x y l   g r o u p ,   c y c l o h e x y a l k y l   g r o u p s   c o n t a i n i n g   7  t o  

a b o u t   14  c a r b o n   a t o m s   in   t h e   g r o u p ,   h y d r o x y   g r o u p s ,   a m i -  

no  g r o u p s   and  a m i n o a l k y l   g r o u p s   and  a l k y l - s u b s t i t u t e d  

a m i n o   and  a m i n o a l k y l   g r o u p s   w h e r e i n   t h e   a l k y l   c o n t a i n s  

1  t o   a b o u t   12  c a r b o n   a t o m s ;   Z  i s   a  s e g m e n t   of  t h e   p o l y -  

mer  b a c k b o n e   d e r i v e d   f rom  an  o l e f i n i c   m o n o m e r ,   X  i s   O ,  

1,  2  or  3;  and  B  i s   h y d r o g e n ,   an  a l k y l   g r o u p   c o n t a i n i n g  

1  to   a b o u t   12  c a r b o n   a t o m s ,   a  c y c l o h e x y l   g r o u p ,   or   a  

c y c l o h e x y l a l k y l   g r o u p   of  7  to   a b o u t   14  c a r b o n   a t o m s   i n  

t h e   g r o u p ;   and  m  is   a t   l e a s t   2 .  



9.  A  p o l y m e r   c o r r e s p o n d i n g   to   t h e   f o l l o w i n g  

s t r u c t u r a l   f o r m u l a .  

w h e r e i n   R ,   R  ,   and  R  a r e   i n d e p e n d e n t l y   s e l e c t e d   f r o m  

a l k y l   g r o u p s   c o n t a i n i n g   1  to  a b o u t   12  c a r b o n   a t o m s ,   a  

c y c l o h e x y l   g r o u p ,   or  c y c l o h e x y l a l k y l   g r o u p s   c o n t a i n i n g  

7  to  a b o u t   14  c a r b o n   a t o m s ;   A  i s   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  a l k y l   g r o u p s   c o n t a i n i n g   1  to   a b o u t   24 

c a r b o n   a t o m s ,   h y d r o x y a l k y l   g r o u p s   c o n t a i n i n g   1  to   a b o u t  

18  c a r b o n   a t o m s ,   a l k o x y   g r o u p s   c o n t a i n i n g   1  to  a b o u t  

12  c a r b o n   a t o m s   in  t h e   g r o u p ,   e s t e r   g r o u p s   c o n t a i n i n g   a  

t o t a l   of  f rom  2  to  a b o u t   24  c a r b o n   a t o m s   in   t h e   g r o u p ,  

a  c y c l o h e x y l   g r o u p ,   c y c l o h e x y l a l k y l   g r o u p s   c o n t a i n i n g  

7  to  a b o u t   14  c a r b o n   a t o m s   in   t h e   g r o u p ,   h y d r o x y   g r o u p s ,  

amino   g r o u p s   and  a m i n o a l k y l   g r o u p s   and  a l k y l - s u b s t i t u t e d  

a m i n o   and  a m i n o a l k y l   g r o u p s   w h e r e i n   t h e   a l k y l   c o n t a i n s  

1  to   a b o u t   12  c a r b o n   a t o m s ;   Z  i s   a  s e g m e n t   of  t h e   p o l y -  

mer  b a c k b o n e   d e r i v e d   f rom  an  o l e f i n i c   m o n o m e r ,   X  i s   0 ,  

1,  2  or  3;  and  B  i s   h y d r o g e n ,   an  a l k y l   g r o u p   c o n t a i n i n g  

1  to  a b o u t   12  c a r b o n   a t o m s ,   a  c y c l o h e x y l   g r o u p ,   or  a  

c y c l o h e x y l a l k y l   g r o u p   of  7  to  a b o u t   14  c a r b o n   a t o m s   i n  

t he   g r o u p ;   and  m  i s   a t   l e a s t   2 .  
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